





















































7KH UDSLG LQFUHDVH LQ WKH XVH RI +LJK6WUHQJWK &RQFUHWH +6& LQ PRGHUQ FRQVWUXFWLRQ
QHFHVVLWDWHVDGGLWLRQDOLQIRUPDWLRQRQWKHEHKDYLRXURI+6&VWUXFWXUDOHOHPHQWV 'XFWLOLW\LV
RQH RI WKH PRVW LPSRUWDQW GHVLJQ FRQVLGHUDWLRQV IRU +6& VWUXFWXUDO HOHPHQWV LQ RUGHU WR
HQVXUHZDUQLQJVSULRU WR IDLOXUH/RZGXFWLOLW\RI+6&LVFRQVLGHUHGDVHULRXVGUDZEDFN LQ











SODWHVZKLFK FRQWULEXWHV WR WKH IOH[XUH VWUHQJWK VLPLODU WR FKDQJLQJ WKH ORQJLWXGLQDO VWHHO
UDWLR LQ WKH FXUUHQW UHVHDUFK DIIHFWHG WKH GXFWLOLW\ RI VWUHQJWKHQHG EHDP DQG FKDQJHG WKH
PRGHRI IDLOXUH WRSXUH IOH[XUH<RX HW DO  IRXQG WKDW UHGXFLQJ WKH VWLUUXSV VSDFLQJ
IURPPPWRPPUHVXOWHGLQDQLQFUHDVHLQWKHGLDJRQDOFUDFNLQJORDGIRU7EHDPV
ZLWKRXW FKDQJLQJ WKHPRGH RI IDLOXUH &ODGHUD HW DO  FRQFOXGHG WKDW LQFUHDVLQJ WKH
IODQJHEUHDGWKOHGWRKLJKHUSRVLWLRQVRIQHXWUDOD[LVIRUSUHGLFWLQJWKHVKHDU±IOH[XUDOVWUHQJWK
RI VOHQGHU UHLQIRUFHG FRQFUHWH 7 VKDSHG EHDPV 7KH ILUVW DXWKRU RI WKLV UHVHDUFK VWDUWHG
VWXG\LQJ WKH EHKDYLRXU RI+6&7 VKDSHGEHDPV LQ ([SHULPHQWDOWKHRUHWLFDO IOH[XUDO
DQGVKHDUVWUHQJWKEHKDYLRXURI+6&7EHDPVLQFOXGLQJVWHHOILEUHVXQGHUD[LDOFRPSUHVVLRQ
VWUHVVZDVUHSRUWHGE\6KDDEDQ6KDDEDQ$EGHODOLPHWDO5HFHQWO\WKH
DXWKRUV VWXGLHG WKH HIIHFW RI IODQJH GLPHQVLRQV RQ WKH VKRUWWHUP GHIOHFWLRQ DQG HIIHFWLYH
PRPHQWRILQHUWLDRI16&DQG+6&7EHDPV6KDDEDQHWDO5HFHQWO\$\HQVDHWDO
 FDUULHG RXW H[SHULPHQWDO VWXG\ DQG ILQLWH HOHPHQW PRGHOOLQJ WR LQYHVWLJDWH WKH
LQIOXHQFH RI WKH IODQJHV¶ ZLGWK DQG WKLFNQHVV RQ WKH VKHDU VWUHQJWK RI UHLQIRUFHG FRQFUHWH
EHDPVZLWK 7VKDSHG FURVV VHFWLRQ  7KH\ UHFRPPHQGHG GLVWULEXWLRQ RI WKH VKHDU VWUHVVHV




DQDO\VLV DQG GHVLJQ KRSHIXOO\ OHDGLQJ WR PRUH HIILFLHQW GHVLJQ RI +6& 7EHDPV ,Q WKH
FXUUHQWUHVHDUFKEHVLGHWKHIODQJHGLPHQVLRQVWKHSDUDPHWHUVZHUHWUDQVYHUVHUHLQIRUFHPHQW
UDWLRV LQ IODQJH DQG ZHE DQG WKH ORQJLWXGLQDO UHLQIRUFHPHQW UDWLR LQ WKH ZHE 7KH FUDFN
SDWWHUQV DQGPRGH RI IDLOXUH ORDGGHIOHFWLRQ DQG XOWLPDWH FDSDFLW\ VWUDLQV LQ VWLUUXSV DQG
FRQFUHWHVWUDLQGLVWULEXWLRQZHUHXVHGWRHYDOXDWHWKHVWUHQJWKEHKDYLRXURIWKHH[SHULPHQWDOO\
VWXGLHGEHDPV ,QDGGLWLRQ ILQLWHHOHPHQWPRGHOZDVGHYHORSHGWRSUHGLFW WKHH[SHULPHQWDO
FUDFNSDWWHUQDQG ORDGGHIOHFWLRQUHODWLRQVKLSV0RUHRYHU WKHHPSLULFDOHTXDWLRQVSURSRVHG
HDUOLHU E\ WKH DXWKRUV IRU SUHGLFWLQJ HIIHFWLYHPRPHQW RI LQHUWLDZHUH XVHG WR SUHGLFW WKH
ORDGGHIOHFWLRQFXUYHV  &RPSDULVRQVZHUHFDUULHGRXWZLWKH[SHULPHQWDO UHVXOWVDQG WKRVH

















7DEOHSURYLGHVWKHPL[SURSRUWLRQVIRU WKHFRQFUHWHXVHGLQ WKLVVWXG\ 1DWXUDOVDQGDQG
WZRGLIIHUHQWVL]HVRIEDVDOWDQGPPZHUHEOHQGHGWRREWDLQZHOOJUDGHGDJJUHJDWHV$




VSHFLPHQV DQG VWDQGDUG FXEHV ZHUH FXUHG LQ ZDWHU EDWK IRU  GD\V EHIRUH WHVWLQJ 7KH
DYHUDJHDFWXDOFRPSUHVVLYHVWUHQJWKLV0SD7ZRW\SHVRIUHLQIRUFLQJVWHHOZHUHXVHGLQ
WKLVZRUNQDPHO\KLJKJUDGHVWHHORIGLDPHWHUVPPDQGPPGHVLJQDWHGDV
+ DQG+ IRU WKH ORQJLWXGLQDO UHLQIRUFHPHQW DQGPLOG VWHHO  RI GLDPHWHUV 
PPDQGPPGHVLJQDWHGDV+DQG+ IRUZHEIODQJH UHLQIRUFHPHQW VWLUUXSVDQG WRS
IODQJH UHLQIRUFHPHQW VHH)LJXUH 5HLQIRUFHPHQW RI HDFK GLDPHWHUZHUH WHVWHG LQ GLUHFW
WHQVLRQWRFRPSDUHWKHLUDFWXDOPHFKDQLFDOSURSHUWLHVZLWK(&3VSHFLILFDWLRQ7KH














EHDPV DV VKRZQ LQ )LJXUH D 7KH VWUDLQV LQ WKH VWLUUXSVZHUHPHDVXUHG XVLQJ HOHFWULFDO
VWUDLQJDXJHVRI OHQJWKPPUHVLVWDQFHRKPDQGDJDXJH IDFWRURI7KH
VWUDLQJDXJHVZHUHSODFHGLQWKHVWLUUXSVLQWKHFULWLFDOVKHDU]RQHVDVLQGLFDWHGLQ(&3






VLQJOH ORDG F\FOH 'HWHFWLRQ DQG PDUNLQJ RI FUDFNV IRU HDFK LQFUHPHQWDO ORDG ZHUH PDGH
ZKHQWKHORDGUHDFKHGLWVVWHDG\VWDWH
 5(68/76$1'',6&866,21
7KHPHDVXUHGH[SHULPHQWDOYDOXHVRI WKH IOH[XUDOFUDFNLQJ ORDGGLDJRQDOFUDFNLQJ
ORDG XOWLPDWH ORDG FDSDFLW\ DQG PD[LPXP PLGVSDQ GHIOHFWLRQ DUH UHFRUGHG LQ
7DEOH)LJXUHVKRZVWKHFUDFNSDWWHUQRIWKHWHVWHGEHDPVXQWLOIDLOXUHDQGWKH
REVHUYHG IDLOXUH PRGH )LJXUHV  WR  VKRZV WKH HIIHFW RI IODQJH EUHDGWK DQG
WKLFNQHVV VSDFLQJ EHWZHHQ VWLUUXSV LQ IODQJH DQG ZHE DQG PDLQ ORQJLWXGLQDO
UHLQIRUFHPHQW LQ WKHZHERQ WKH ORDGGHIOHFWLRQ EHKDYLRXUDQG ORDGVWLUUXS¶V VWUDLQ
UHODWLRQVKLSV&RQFUHWH VWUDLQ GLVWULEXWLRQ IRU EHDPVRI GLIIHUHQW IODQJH EUHDGWKV LV
VKRZQLQ)LJXUH
&UDFN3DWWHUQDQG)DLOXUH0RGH
)LJXUH  VKRZV WKDW WKH ILUVW FUDFN IRU DOO VWXGLHG EHDPV RFFXUUHG LQ WKH IOH[XUDO UHJLRQ
SHUSHQGLFXODUWRWKHGLUHFWLRQRIWKHPD[LPXPSULQFLSDOVWUHVVLQGXFHGE\SXUHPRPHQW7KH
VKHDU VWUHVVHV LQFUHDVHGZLWK LQFUHDVLQJ WKH ORDG LQFUHPHQW DQG VWDUWHG WR LQGXFH GLDJRQDO
FUDFNV7KHFUDFNVVWDUWWRSURSDJDWHVSUHDGDQGZLGHQGXHWRWKHHIIHFWRIFRPELQHGVKHDU
DQG EHQGLQJ VWUHVVHV $SSURDFKLQJ WKH IDLOXUH ORDG OHYHO VKHDU FUDFNV VWDUWHG IURP WKH





















WKHEHDP% WKDWFRQWLQXHG WR WKHERWWRPRI WKH IODQJH LQ WKH UHJLRQRI WKHIOH[XUDOFUDFNV
ZLWKRXW RFFXUULQJ GDPDJH LQ WKH IODQJH 6LPLODU REVHUYDWLRQV ZHUH IRXQG E\ <RX HW DO




7KHDQDO\VLVRI WKH UHVXOWVSURYLGHG LQ7DEOH VKRZHG WKDW UHGXFLQJ WKHPDLQ ORQJLWXGLQDO
UHLQIRUFHPHQW IURP + IRU EHDP % WR + IRU EHDP % UHVXOWHG LQ LQFUHDVLQJ WKH




HW DO  UHSRUWHG DOVR WKDW WKH ORQJLWXGLQDO VWHHO UDWLR DQG WKH IODQJH WKLFNQHVV IRU 7





5HGXFLQJ WKH VSDFLQJ EHWZHHQ VWLUUXSV WR PP IRU EHDP% OHG WR LQFUHDVLQJ WKH ILUVW





7KH ORDGGHIOHFWLRQ UHODWLRQVKLSV IRU DOO WKH WHVW EHDPV ZLWK GLIIHUHQW IODQJH EUHDGWKV














UHGXFWLRQ LQ WKHPD[LPXPGHIOHFWLRQZKHQFRPSDUHG WR WKH UHFWDQJXODUEHDP%







VHHQ IURP WKH ILJXUH WKDW LQFUHDVLQJ WKH IODQJH WKLFNQHVV OHG WR D UHGXFWLRQ LQ WKH
RYHUDOO GHIOHFWLRQ DQG HQKDQFHPHQW RI WKH XOWLPDWH ORDG ,QFUHDVLQJ WKH IODQJH
WKLFNQHVVWRPPIRUWKHEHDP%UHVXOWHGLQDQLQFUHDVHRILQWKHXOWLPDWH
ORDG FDSDFLW\ DQG  UHGXFWLRQ LQ WKH PD[LPXP GHIOHFWLRQ ZKHQ FRPSDUHG WR
EHDP%ZLWKIODQJHWKLFNQHVVRIPP7KHLQFUHDVHLQWKHXOWLPDWHORDGFDSDFLW\
DQGWKHUHGXFWLRQLQWKHRYHUDOOGHIOHFWLRQIRUWKHEHDP%ZLWKDIODQJHWKLFNQHVVRI
 PP ZHUH  DQG  UHVSHFWLYHO\ ZKHQ FRPSDUHG WR EHDP % 6LPLODU
REVHUYDWLRQVZHUH IRXQG E\ $\HQVD HW DO ZKHQ WKH\ VWXGLHG WKH HIIHFW RI
IODQJHGLPHQVLRQVRQ UHLQIRUFHGFRQFUHWH7EHDPV+LJKHUREVHUYHGYDOXHV LQ WKH
XOWLPDWHORDGVDQGUHGXFWLRQRIRYHUDOOGHIOHFWLRQZHUHUHSRUWHGE\<RXHWDO
DVDUHVXOWRILQFUHDVLQJWKHIODQJHWKLFNQHVV7KLVPD\EHDWWULEXWHGWRWKHHIIHFWRI






WKH XOWLPDWH ORDG DQG D GHFUHDVH LQ WKH RYHUDOO GHIOHFWLRQ &RPSDUHG WR EHDP % ZLWK
ORQJLWXGLQDOUHLQIRUFHPHQWRI+EHDP%ZLWKORQJLWXGLQDOUHLQIRUFHPHQW+VKRZHG
D UHGXFWLRQ LQ WKH XOWLPDWH ORDG E\  DQG DQ LQFUHDVH LQ WKH RYHUDOO GHIOHFWLRQ E\ 
ZKLOHDOORWKHUYDULDEOHVZHUHNHSWFRQVWDQW2QWKHRWKHUKDQGEHDP%ZLWK ORQJLWXGLQDO
UHLQIRUFHPHQW RI + VKRZHG D UHGXFWLRQ RI  LQ WKH XOWLPDWH ORDG FDSDFLW\ ZKHQ
FRPSDUHGWREHDP%ZLWKORQJLWXGLQDOUHLQIRUFHPHQWRIYDOXH+7KLV LV LQDJUHHPHQW
ZLWK WKH ILQGLQJV RI 7KDPULQ HW DO  ZKHUH WKH UDWLR RI ORQJLWXGLQDO UHLQIRUFHPHQW
LQIOXHQFHVWKHVKHDUFDSDFLW\RIWKHEHDPDVZHOODVWKHDQJOHRIGLDJRQDO VKHDUFUDFN,WKDV
EHHQQRWHGWKDWWKHJHQHUDOEHKDYLRXURIEHDP%LVDOPRVWVLPLODUWRWKDWRIEHDP%7KLV
LQGLFDWHV WKDW WKH HIIHFW RI UHGXFLQJ WKH IODQJH WKLFNQHVV IURP PP WR PP RQ WKH











7KHHIIHFW RI WKH VWXGLHGH[SHULPHQWDOSDUDPHWHUVRQ WKH ORDGVWLUUXSVWUDLQ UHODWLRQVKLSV LV
VKRZQLQ)LJXUHVDQG,WFDQEHVHHQIURPWKHILJXUHVWKDWJHQHUDOO\WKHVWUDLQLQWKH
VWLUUXSVZHUHLQFUHDVLQJYHU\VORZO\ZLWKLQFUHDVLQJWKHDSSOLHGORDGXQWLOWKHFUDFNVUHDFKHG


















WKH DERYH GLVFXVVLRQ WKDW WKH HIIHFW RI IODQJH WKLFNQHVV WUDQVYHUVH DQG ORQJLWXGLQDO








E\ ZKHQ FRPSDUHG WR EHDP%ZLWK VSDFLQJ EHWZHHQ VWLUUXSV RI PP ,W FDQ EH
DUJXHGWKDWWKHVWUDLQVLQWKHVWLUUXSVZHUHKLJKHUZKHQDGLDJRQDOFUDFNFURVVHGWKHVWLUUXSV
EHFDXVH WKH GLDJRQDO FUDFN FDQ EH FRQVLGHUHG DV D \LHOG OLQH +DPUDW HW DO  IRXQG
VLPLODU REVHUYDWLRQV LQGLFDWLQJ WKH VLJQLILFDQFH RI WUDQVYHUVH UHLQIRUFHPHQW RQ WKH VKHDU
FDSDFLW\DQGGXFWLOLW\RI+6&EHDPV7KHHIIHFWRIUHGXFLQJORQJLWXGLQDOUHLQIRUFHPHQWUDWLR
IRUEHDPVRIGLIIHUHQWIODQJH WKLFNQHVVHVRQWKHVWLUUXSV¶VWUDLQ LQ WKHFULWLFDOVKHDU]RQH LV
VKRZQ LQ )LJXUH E ,W FDQ EH VHHQ IURP WKH ILJXUH WKDW UHGXFLQJ WKH ORQJLWXGLQDO
UHLQIRUFHPHQWIURP+IRUEHDP%WR+IRUEHDP%OHGWRDQLQFUHDVHLQWKHVWLUUXS¶V
VWUDLQ E\   5HGXFLQJ WKH VDPH DPRXQW RI UHLQIRUFHPHQW IRU D EHDP RI KLJKHU IODQJH
WKLFNQHVV%HDP%UHVXOWHGLQDQLQFUHDVHRIVWLUUXS¶VVWUDLQDOVRE\$GGLWLRQDOO\WKH
WHVW EHDPZLWK WKHPLQLPXP VSDFLQJ EHWZHHQ VWLUUXSV %HDP% KDG WKH EHVW EHKDYLRXU
DPRQJWKHVWXGLHGEHDPVLQWHUPVRIVKHDUVWUDLQ LQVWLUUXSV,WFDQEHDUJXHGWKDWWKHVWLUUXS
VWUDLQPHDVXUHPHQWVFDQEHXVHGDVLQGLFDWRUVRIWKHFRQWULEXWLRQRIVWLUUXSUHLQIRUFHPHQWDW

















IODQJHEUHDGWK OHG WRD UHGXFWLRQRI WKHPD[LPXPFRQFUHWHVWUDLQDW WKH WHQVLRQ]RQHDQGD
KLJKHUSRVLWLRQRI WKHQHXWUDO D[LVPHDVXUHG IURP WKHERWWRPRI WKHEHDP)LJXUH VKRZV
DOVR WKDW IRU WKH WKUHH WHVW EHDPV WKDW KDYH GLIIHUHQW IODQJH EUHDGWKV% KDG DPD[LPXP
VWUDLQRIDWDPD[LPXPXOWLPDWHORDGRI.17KHPD[LPXPFRQFUHWHVWUDLQVIRU
EHDPV%DQG%ZHUHDQGDWPD[LPXPXOWLPDWHORDGVRI.1DQG
.1 UHVSHFWLYHO\ 7KH UDWLRV RI WKH XOWLPDWH FRQFUHWH VWUDLQV WR WKH FRQFUHWH VWUDLQV DW ILUVW
FUDFNLQJ ORDGV IRU WKH EHDPV% % DQG%ZHUH   DQG  UHVSHFWLYHO\
7KHVHKLJKUDWLRVLQGLFDWHVDQLQFUHDVHLQGXFWLOLW\ZLWKHQODUJLQJWKHIODQJHEUHDGWKLQOLQH
ZLWK WKH ILQGLQJV REVHUYHG HDUOLHU IRU WKH ORDGGHIOHFWLRQ UHODWLRQVKLSV 6LPLODU WR WKH
REVHUYDWLRQV LQ WKH FXUUHQW UHVHDUFK &ODGHUD HW DO  FRQFOXGHG WKDW LQFUHDVLQJ WKH
IODQJH EUHDGWK OHG WR D KLJKHU SRVLWLRQ RI QHXWUDO D[LV IRU SUHGLFWLQJ WKH VKHDU±IOH[XUDO
VWUHQJWKRIVOHQGHUUHLQIRUFHGFRQFUHWH7VKDSHGEHDPV

























7KH FRQFUHWH PDWHULDO PRGHO DVVLJQHG IRU 6ROLG HOHPHQW XVHG WKURXJKRXW WKLV VWXG\ LV
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FFU II  ,Q03D 
 )LQLWH(OHPHQW0RGHORIWKH7HVWHG%HDPV
,QWKHILQLWHHOHPHQWGLVFUHWL]DWLRQRIHDFKEHDPDPHVKRIDYHUDJHVL]H  PPRI
HLJKWQRGH HOHPHQWV ZDV XVHG IRU DOO EHDPV 7KH DUHD DQG VSDFLQJ RI EDU HOHPHQWV ZHUH





















HOHPHQWDQDO\VLVIRU WKH WHVWHGEHDPVIRU WKHWHVWHGEHDPV%%%%%DQG%$
JRRGDJUHHPHQWEHWZHHQWKHH[SHULPHQWDODQGILQLWHHOHPHQWUHVXOWVZDVREWDLQHGDWGLIIHUHQW
OHYHOV,QVLPXODWHGFXUYHVWKHUHLVDVXGGHQLQFUHDVHLQWKHGHIOHFWLRQDQGWKLVLVDWWULEXWHGWR
IRUPDWLRQ RI WKH ILUVW IOH[XUDO FUDFN 6LPLODU WR H[SHULPHQWDO UHVXOWV VLPXODWHG FXUYHV DUH
VLJQLILFDQWO\ DIIHFWHG E\ WKH IODQJH GLPHQVLRQV DQG IOH[XUDO UHLQIRUFHPHQW ,W FDQ EH VHHQ
IURP)LJXUHWKDWLQFUHDVLQJWKHIODQJHEUHDGWKOHGWRDQLQFUHDVHLQWKHXOWLPDWHORDGRIWKH
WHVWEHDPVDQGDUHGXFWLRQRI WKHRYHUDOOGHIOHFWLRQ $GGLWLRQDOO\ LQFUHDVLQJWKHDPRXQWRI
WKH ORQJLWXGLQDO UHLQIRUFHPHQW OHG WRDQ LQFUHDVH LQ WKHXOWLPDWH ORDGDQGDGHFUHDVH LQ WKH
RYHUDOO GHIOHFWLRQ $OO VWXGLHG EHDPV H[KLELWHG GLIIHUHQW GLVSODFHPHQW GXFWLOLW\ DW IDLOXUH
LQGLFDWHGE\WKHDUHXQGHUWKH ORDGGHIOHFWLRQFXUYH7KHGHJUHHRIGXFWLOLW\YDULHGGHSHQGLQJ
RQ WKH IODQJH GLPHQVLRQV DQG WKH IOH[XUDO UHLQIRUFHPHQW UDWLR ZKHUH WKH ORZHU IODQJH
GLPHVQLRQVRUWKHODUJHUUHLQIRUFHPHQWUDWLRWKHORZHULVWKHDPRXQWRIGXFWLOLW\,QFUHDVLQJ
HLWKHU YHUWLFDO RU KRUL]RQWDO VKHDU UHLQIRUFHPHQW OHG WR DQ LQFUHDVH LQ WKH DQDO\WLFDO ORDG
FDUU\LQJFDSDFLW\DQGGXFWLOLW\PDWFKLQJZLWKWKHH[SHULPHQWDOUHVXOWV
 (03,5,&$/ (48$7,21 )25 35(',&7,21 2) /2$' '()/(&7,21
5(/$7,216+,32)7%($06
7KH HIIHFWLYH PRPHQW RI LQHUWLD IRU UHLQIRUFHG FRQFUHWH EHDPV LV XVXDOO\ FDOFXODWHG E\
%UDQVRQ¶V HTXDWLRQ %UDQVRQ   7KLV HTXDWLRQ LV DGRSWHG LQ DOO LQWHUQDWLRQDO GHVLJQ
FRGHV$&,(XURFRGH&(1
,H  0FUH[S0D 









$O6KDLNK DQG $O=DLG  WR EH DSSOLFDEOH IRU +6& KLJKO\ UHLQIRUFHG 7EHDPV E\
PRGLI\LQJ WKH YDOXH RI ȡ LQ WKH H[SRQHQW ³P´ E\ FXUYH ILWWLQJ IRU VHYHUDO H[SHULPHQWDOO\
WHVWHGEHDPVLQWKHLUUHVHDUFKDQGIURPOLWHUDWXUHDVIROORZV










%DVHGRQ WKHSUHYLRXVHTXDWLRQV WKH ORDGGHIOHFWLRQFXUYHV IRU WKH WHVWEHDPV%%%
%%DQG%FDQEHSUHGLFWHG$WGLIIHUHQWH[SHULPHQWDOORDGOHYHOVDQGXSWRWKHXOWLPDWH





SURSRVHG HTXDWLRQV ZHUH LQ YHU\ JRRG DJUHHPHQW ZLWK WKH H[SHULPHQWDO FXUYHV DQG ILQLWH
HOHPHQW SUHGLFWLRQ +RZHYHU WKH ORDG GHIOHFWLRQ UHODWLRQVKLSV SUHGLFWHG E\ %UDQVRQ¶V
HTXDWLRQ GLG QRW FRUUHODWH ZHOO ZLWK DQ\ RI WKHVH FXUYHV ,W LV LQWHUHVWLQJ WR ILQG WKDW WKH
DXWKRUV SURSRVHG HPSLULFDO HTXDWLRQVZHUH LQ D EHWWHU DJUHHPHQWZLWK H[SHULPHQWDO UHVXOWV
FRPSDUHGWRWKHILQLWHHOHPHQWSUHGLFWLRQLQVRPHRIWKHVWXGLHGEHDPVVXFKDV%DQG%







 ,QFUHDVLQJ WKH IODQJH GLPHQVLRQV EUHDGWK DQGRU WKLFNQHVV OHG WR D JHQHUDO
LPSURYHPHQW RI WKH IOH[XUDO EHKDYLRXU RI WKH WHVW EHDPV DV UHIOHFWHG E\ WKH




DW WHQVLRQ ]RQH DQG D KLJKHU SRVLWLRQ RI WKH QHXWUDO D[LVPHDVXUHG IURP WKH
ERWWRPRI WKH EHDP7KLV LQGLFDWHV DQ LQFUHDVH LQ GXFWLOLW\ZLWK HQODUJLQJ WKH
IODQJHEUHDGWK7KH ILQGLQJ LV LQ OLQHZLWK VLPLODUREVHUYDWLRQV UHSRUWHG LQ WKH
OLWHUDWXUH
 7KHHIIHFW RI LQFUHDVLQJ WKH IODQJH WKLFNQHVV IURPPP WR PPRQ WKH
XOWLPDWHORDGDQGFRUUHVSRQGLQJGHIOHFWLRQRIWKHWHVWEHDPVLVDOPRVWVLPLODUWR
LQFUHDVLQJ WKH PDLQ ORQJLWXGLQDO UHLQIRUFHPHQW IURP + WR + 7KLV
LQGLFDWHV WKDW WKH IODQJH WKLFNQHVV KDV D VLJQLILFDQW HIIHFW RQ WKH IOH[XUDO
EHKDYLRXURIWKHWHVWEHDPV
 7KH SUHGLFWLRQV RI ORDGGHIOHFWLRQ UHVSRQVH DV ZHOO DV WKH FUDFNLQJ SDWWHUQV
XVLQJ WKH QRQOLQHDU ILQLWH HOHPHQW SURJUDP $16<6  VKRZHG JRRG




SUHGLFWHG VXFFHVVIXOO\ WKH XOWLPDWH ORDGV GLVSODFHPHQW GXFWLOLW\ DQG IDLOXUH
PHFKDQLVPVIRUWKHWHVWEHDPVZLWKGLIIHUHQWYDULDEOHV
 7KH DXWKRUV SURSRVHG HPSLULFDO HTXDWLRQV SUHGLFWHG WKH ORDG GHIOHFWLRQ
UHVSRQVHEDVHGRQFDOFXODWHGHIIHFWLYHPRPHQWRILQHUWLDWRDKLJKHUDFFXUDF\
FRPSDUHG ZLWK %UDQVRQ HTXDWLRQ XVHG LQ WKH GHVLJQ FRGHV $&, &RPPLWWHH
  &(1  7KH ORDGGHIOHFWLRQ FXUYHV EDVHG RQ WKLV HTXDWLRQ
ZHUHLQDFORVHDJUHHPHQWZLWKWKHH[SHULPHQWDODQGQXPHULFDOORDGGHIOHFWLRQ
UHODWLRQVKLSV

















) DIXQFWLRQRIWKHSULQFLSDOVWUHVVVWDWHı[S ı\S ı]S
6 IDLOXUHVXUIDFHH[SUHVVHGLQWHUPVRISULQFLSDOVWUHVVHVDQGWKHVWUHQJWK
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6KDSH SODLQ GHIRUPHG SODLQ GHIRUPHG
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8OWLPDWHVWUHVV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